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Assessment of Mehlich3 and Ammonium
Bicarbonate-DTPA Extraction for
Simultaneous Measurement of
Fifteen Elements in Soils

M. A. Elrashidi,” M. D. Mays, and C. W. Lee

Soil Survey Laboratory, National Soil Survey Center,
USDA/NRCS, Lincoln, Nebraska, USA

ABSTRACT

Few existing extractions such as Mehlich3 and ammonium bicarbonate-
DTPA (ABDTPA) can be used as a multi-element soil test. A multi-
element extraction is attractive to scientists and soil testing laboratories
because it eliminates the need for multiple extractions and allows
simultaneous measurement of elements by using the Inductively Coupled
Plasma (ICP). The objective of this study was to evaluate Mehlich3 and
ABDTPA for simultaneous measurement of 15 elements in 30 acidic and
20 alkaline U.S. soils from 21 states. Widely-accepted, and conventional
soil tests (Brayl and Olsen for phosphorus (P); NH,OAc for calcium
(Ca), magnesium (Mg), potassium (K), and sodium (Na); diluted HCI
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and DTPA for aluminum (Al), cadmium (Cd), cobalt (Co), chromium
(Cr), Copper (Cu), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), and
zinc (Zn) were employed for the evaluation. Single and multiple
regression analysis were applied to investigate the relationship between
Mehlich3 or ABDTPA and the respective soil test. The results can be
summarized: 1) Mehlich3 provided a good measurement for labile P
in all soils while ABDTPA provided reliable results for alkaline soils;
2) Mehlich3 was a suitable extract for Ca, Mg, K, and Na for all soils
while ABDTPA could not be used for Ca; 3) Mehlich3 or ABDTPA was
an appropriate extract for Al, Cd, Cu, Fe, Mn, Ni, Pb, and Zn in all soils.
The fact that most soils investigated had trace amounts of Co, and Cr
hindered their evaluation. Accordingly, Mehlich3 extraction could be
recommended for simultaneous measurement of at least 13 elements
in soils.

Key Words: Multi-element soil test; Available phosphorus; Soluble
heavy metals; Exchangeable cations.

INTRODUCTION

In 1984, Mehlich modified his original soil extract to develop Mehlich3
solution,[” which is suitable to extract P and other elements. The Mehlich3
solution is a combination of acids (0.2 M HOAc and 0.013 M HNO;),
ammonium salts (0.015 M NH4F and 0.25 M NH4NO3), and 0.001 M of the
chelating agent ethylenediaminetetraacetic acid (EDTA). Hydrogen, F,
and OAc ™ are the principle ions used in Mehlich3 solution to remove P
from soils. Exchangeable cations (i.e., Ca, Mg, K, and Na) are extracted
mainly by the action of H*, and NH, " ions. Metals (i.e., Fe, Mn, Cu, and
Zn) are extracted by H*, and NH;* ions, and the chelating agent EDTA.

The ammonium bicarbonate-diethylenetriaminepentaacetic acid
(ABDTPA) solution was developed by Soltanpour and Schwab'? to
simultaneously extract labile P, K, Fe, Mn, and Cu from neutral and
alkaline soils. The ABDTPA solution is 1.0 M NH,HCO5 and 0.005 M
DTPA, adjusted at pH 7.6. It removes soil P with HCO; ~, and NH, " is
used for the extraction of K, and DTPA is applied for the chelation of
metals (Fe, Mn, Cu, and Zn).

Both Mehlich3-, and ABDTPA-extractable elements were found to be
closely related to those determined by existing soil tests.>*! Using a
multielement extraction method is attractive to soil testing laboratories
because 1) it eliminates the need for multiple extractions for P, exchangeable
bases, and heavy metals; and 2) it allows for simultaneous measurement
of all elements by the Inductively Coupled Plasma Spectroscopy (ICP).

ﬂ MARCEL DEKKER, INC.
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The objective of this study was to evaluate both Mehlich3 and
ABDTPA extraction methods for the simultaneous extraction and
measurement of 15 elements (P, Ca, Mg, K, Na, Al, Cd, Co, Cr, Cu, Fe,
Mn, Ni, Pb, and Zn) in soils. We used widely accepted and conventional
soil tests to evaluate the two extraction methods. These soil tests included
Brayl[S] and Olsen!® for available P; neutral 1.0 M NH4OAc for
exchangeable cations; 0.1 M HCL and DTPA®! for metals. Our study
covered several elements (i.e., Al, Cd, Ni, and Pb) that were not included in
the original Mehlich3 and ABDTPA methods.

MATERIALS AND METHODS

A total of 50 surface samples were selected from 40 benchmark soils of
the United States. The soils (collected in 21 different states) varied greatly
in their physical and chemical properties and included 30 acidic and 20
alkaline and calcareous soils (Table 1). Two or more samples were col-
lected from some benchmark soils. For these soils, numbers in parenthesis
next to the soil name represents the sample number.

Soil analysis were performed by methods described in the Soil Survey
Investigations Report (SSIR) No. 42.°! Alphanumeric codes in parentheses
next to each method indicate specific standard operating procedures.
Analysis was conducted on air-dried <?2-mm soil samples. Particle-size
analysis was performed by sieve and pipette method (3A1). Total carbon
content was determined by dry combustion (6A2f), and CaCO;5 equivalent
was estimated by the manometer method (6E1g). Organic carbon (OC) was
calculated from the difference between total and inorganic carbon in soil.
Soil pH was measured in a 1:1 soil/water paste (8C1f). Exchangeable Ca,
Mg, K, and Na were determined by the neutral 1.0 M NH,OAc method
(5A8c). Classification and properties for soils are given in Table 1.

The Mehlich3,!'! ABDTPA,””! DTPA,”® and the 0.1 M HCI'' soil
extracts were prepared as described in the respective references. The
available soil P was extracted according to Bray and Kurtz®' and Olsen et
al.,l®! respectively.

Phosphorus, exchangeable cations (Ca, Mg, K, and Na), and metals
(Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn) were measured in the soil
extracts with the Inductively Coupled Plasma-Optical Emission Spectrom-
etry (ICP-OES), (Perkin Elmer 3300 DV).

To evaluate Mehlich3 and ABDTPA extraction methods, the 15
elements were investigated under three categories: phosphorus, exchange-
able cations (Ca, Mg, K, and Na), and metals (Al, Cd, Co, Cr, Cu, Fe, Mn,
Ni, Pb, and Zn). For each category, conventional soil tests were selected to
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2822 Elrashidi, Mays, and Lee

evaluate the two extraction methods. Throughout this report, we referred to
the Mehlich3 and ABDTPA as extraction methods while conventional
extractions used for the evaluation were referred to as tests.

For P, the Brayl test® was used to evaluate both Mehlich3 and
ABDTPA extraction methods in acidic soils while Olsen test'® was applied
for the evaluation in alkaline and calcareous soils. For cations (Ca, Mg, K,
and Na), the neutral 1.0 M NH,OAc test was used for the evaluation in both
acidic and alkaline soils. For metals (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and
Zn), the 0.1 M HCL"" and DTPA test'® were employed for the evaluation of
the two extraction methods in acidic and alkaline soils, respectively.

Stepwise multiple regression models of SAS version 8.2M'% were
employed for the statistical analysis.

RESULTS AND DISCUSSIONS

23:31 27 January 2011

Phosphorus

The average and range of P removed by Mehlich3, and ABDTPA ex-
traction methods, and Brayl, and Olsen tests for all soils investigated are
given in Table 2. For acidic soils, Mehlich3-P ranged between 18.7 and
281.8 mg/Kg soil with an average of 114.9 mg/Kg soil. The Mehlich3-P
data in general were similar to those obtained by Brayl test. Fluoride, in an
acidic soil environment, can complex Al and Fe ions associated with Fe-
and Al-phosphates, which releases P into solution.''"! Hydrogen and F ~ are
the principle ions used by both Mehlich3 and Brayl to dissolve P minerals
in soils, which may explain the similar amounts of P removed.

[ USDA Nat!| Agricultul Lib] At:

Downl oaded By:

Table 2. Average and range of P removed by Mehlich3 and ABDTPA extraction
methods, and Brayl and Olsen test (mg/Kg soil) for 30 acidic, and 20 alkaline
soils investigated.

Mehlich3 Brayl ABDTPA Olsen
Soils (mg P/Kg soil)
Acidic Average 114.91 121.52 27.98 32.04
Min 18.65 1.85 5.95 4.92
Max 281.75 548.8 94.19 89
Alkaline Average 207.48 117.76 61.29 98.57
Min 54.55 39.55 10.74 16.35
Max 585.25 276.2 240.35 475

Copyright © 2003 by Marcel Dekker, Inc. All rights reserved.
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Phosphorus removed from acidic soils by ABDTPA method was lower
than that removed by Mehlich3 and Brayl and ranged from 5.95 to 94.2
mg/Kg soil with an average of 28.0 mg/Kg soil. Both ABDTPA method and
Olsen test removes soil P with HCO;~ ions and mainly from Ca-
phosphates."'?!  Acidic soils contain predominately Al-, and Fe-phos-
phates.'"*! Moreover, H* and F~ ions are more effective in dissolving P
minerals than bicarbonate ions.""*! This difference may explain the lower
amounts of P removed by ABDTPA when compared with both Mehlich3
and Brayl.

For acidic soils, a highly significant correlation was obtained between
Mehlich3-P or ABDTPA-P and that P extracted with Bray1 test (Figure 1-a,b).
However, the relationship with Mehlich3 (r=0.863**) appeared to be
stronger than that with ABDTPA (r = 0.503*%*). This indicated that Mehlich3

a. acidic soils b. acidic soils
300 100 -
- .
_ 250 * . % 80
3 * 7]
@ o r=0.503**
200 PO % 60
) . E .
TE' 150 . > 40 * ‘e
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Figure 1. Relationship between Mehlich3- or ABDTPA-, and Brayl-extractable
P for 30 acidic soils (a, b), and Olsen-extractable P for 20 alkaline soils (c, d).
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was a relatively better P index than ABDTPA for acidic soils investigated.
A similar relationship was obtained for 44 acidic soils in Florida where
Elrashidi et al.""*! found highly significant correlation between Bray1-P and
Mehlich3-P (r = 0.983**) or ABDTPA-P (0.686**). Hanlon and Johnson!'"!
also reported a good correlation between ABDTPA-P and Bray1-P for acidic
soils in Oklahoma.

Incorporation of soil properties with Mehlich3-P or ABDTPA-P in a
multiple regression model might improve the relationship with P soil test
(Brayl or Olsen). Applying SAS Stepwise program,"'® we included prop-
erties known to influence P solubility in soils (i.e., pH, CaCOs;, clay, and
OC) along with Mehlich3-P or ABDTPA-P to determine the best two-
variable regression models (Table 3).

For acidic soils, we found that including pH with Mehlich3-P or
ABDTPA-P gave the best two-variable models. The best model of
Mehlich3-P and ABDTPA-P could account for 79.4 and 27% of variations
in the value of Brayl-P, respectively. These data confirmed the reliability
of Mehlich3 extraction method for acidic soils investigated. It also implied
that ABDTPA method was not as good of a P extraction as Mehlich3 for
acidic soils.

For alkaline soils, Mehlich3 removed higher amounts of P than
ABDTPA and Olsen (Table 2). The average of Mehlich3-P extracted was
207 mg/Kg soil while that of ABDTPA-P and Olsen-P was 61.3 and 98.6
mg/Kg soil, respectively. As mentioned above, Mehlich3 uses more ag-
gressive mechanisms than both ABDTPA and Olsen to dissolve P minerals
in soils.

Table 3. Best two-variable regression models relating Mehlich3 or ABDTPA
extraction method and soil properties to Brayl and Olsen test for 30 acidic, and 20
alkaline soils investigated.

Independent
Soils variable Best two-variable model R2
Acidic Brayl-P Brayl-P = 189.8 + 1.34(Mehlich3-P) 0.794%:*
— 38.4(pH)
Brayl-P=171.9 + 3.09(ABDTPA-P) 0.270%:*
— 23.6(pH)
Alkaline Olsen-P Olsen-P = — 25.2 + 0.51(Mehlich3-P) 0.937%#*
+ 5.49(CaCO3)
Olsen-P = 16.3 + 0.80(ABDTPA-P) 0.875%:*
+ 9.52(CaCO3)

**Indicates 1% significant level of correlation.
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Both Mehlich3-P and ABDTPA-P methods showed highly significant
correlation with Olsen-P test for alkaline soils investigated (Figure 1-c,1d).
Unexpectedly, Mehlich3-P gave relatively stronger relationship with Olsen-
P (r=0.926**) than that obtained with ABDTPA-P (r=0.689**). Burt et
al,"® in their study on 21 benchmark soils of the U.S., reported similar
correlation (r=0.933**) between Mehlich3-P and Olsen-P.

In multiple regression analysis, we found that including CaCO; with
Mehlich3-P or ABDTPA-P produced the best two-variable models that can
predict Olsen-P for alkaline soils (Table 3). A model included CaCO3 with
Mehlich3-P or ABDTPA-P could predict 93.7 and 87.5% of variations
in the value of Olsen-P, respectively. These data indicated that either
Mehlich3 or ABDTPA can be considered a suitable P extraction for alka-
line soils investigated.

Table 4. Average and range of Ca, Mg, K, and Na extracted by Mehlich3 and
ABDTPA extraction methods, and NH4OAc test (mg/kg soil) for 30 acidic, and 20
alkaline soils investigated.

Ca Mg K Na
Soils (mg/kg soil)
Mehlich3-extractable cations
Acidic Average 1230.9 210.9 182.8 31.4
Min 234.0 8.5 153 11.7
Max 3349.0 848.6 520.4 85.5
Alkaline Average 5242.8 813.7 828.4 119.9
Min 2393.0 53.0 38.0 24.8
Max 10949.0 1573.0 1715.0 447.3
ABDTPA-extractable cations
Acidic Average 321.8 126.6 156.2 15.1
Min 73.6 35 21.3 4.8
Max 576.2 532.5 398.0 77.4
Alkaline Average 409.8 377.7 651.2 92.5
Min 285.0 20.6 359 6.9
Max 656.0 800.0 1389.0 523.8
NHA40Ac-extractable cations
Acidic Average 1077.267 166.63 176.17 17.37
Min 66.00 8.00 17.00 5.00
Max 3095.00 615.00 575.00 82.00
Alkaline Average 4277.05 524.05 801.10 89.60
Min 1951.00 61.00 45.00 11.00
Max 6360.00 1140.00 1680.00 409.00
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Cations (Calcium, Magnesium, Potassium, and Sodium)

The neutral 1.0 M NH,OAc test was used to evaluate Mehlich3 and
ABDTPA extraction methods for both acidic and alkaline soils investigated.
The average and range of Ca, Mg, K, and Na removed by Mehlich3 and
ABDTPA methods, and NH4,OAc test (mg/Kg soil) are given in Table 4.

For both acidic and alkaline soils, the average and range of ex-
changeable cations, particularly Ca, removed by Mehlich3 were higher than
those removed by ABDTPA (Table 4). Meanwhile, amounts of NH4OAc-
extractable cations were slightly lower than those extracted by Mehlich3
method. The combination of acidity (HOAc and HNO;), and ammonium
salts (NH4F and NH4NO3) in Mehlich3 extract appeared to be very effective
in removing exchangeable Ca, Mg, K, and Na from soils. Ammonium salts
remove exchangeable cations while HOAc and HNO; acids can partially
dissolve minerals containing these elements such as calcite and dolomite.!'¥!

Highly significant correlations (r=0.747** to 0.997**) were obtained
between Mg, K, and Na extracted by Mehlich3 or ABDTPA method and
NH,4OAc test for both acidic and alkaline soils (Table 5). With respect to
Ca, significant correlations were obtained between Mehlich3 method and
NH,OACc test for both acidic (r=0.996**) and alkaline (r = 0.850%*) soils.
On the other hand, ABDTPA method gave significant correlation for acidic
soils but failed to show positive relation in alkaline soils.

Precipitation of CaCOj; could explain the failure of ABDTPA extraction
method in alkaline soils that usually contain high concentrations of soluble
Ca.'"" The fact that some acidic soils might contain high Ca concentration
could also explain the relatively low correlation found (r = 0.570**) for 30
acidic soils investigated. The effect of CaCOj; precipitation is noticeable for

Table 5. Correlations between Ca, Mg, K, and Na removed by Mehlich3 or
ABDTPA extraction methods and NH4OAc test for 30 acidic, and 20 alkaline
soils investigated.

Method Ca Mg K Na
Acidic soils

Mehlich3 0.996** 0.997** 0.989%** 0.747%*
ABDTPA 0.570%* 0.987** 0.979%* 0.866**
Alkaline soils

Mehlich3 0.850%* 0.973%* 0.983%** 0.996**
ABDTPA —0.433%* 0.976%* 0.956** 0.946**

* and ** indicates 5% and 1% significant level of correlation, respectively.
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Figure 2. Relationship between ABDTPA-, and NH,OAc-extractable Ca (mg/Kg
soil) for 30 acidic (a), and 20 alkaline (b) soils.

acidic soils with high Ca content (> 1000 mg Ca/Kg soil) (Figure 2a), and
for all alkaline soils (Figure 2b).

These results indicated that Mehlich3 method is a good Ca, Mg, K, and
Na index for both acidic and alkaline soils while the ABDTPA method
could be used successfully for soils of low Ca concentrations. Hanlon and
Johnson'">! and Michaelson et al.'"® found significant correlations between
exchangeable cations (Ca, Mg, and K) determined by Mehlich3 method and
those obtained by NH4OAc test for Oklahoma, and Alaska soils,
respectively. For alkaline soils in Colorado, Soltanpour and Schwab!?
found that ABDTPA method extracted amounts of K similar to those
determined by NH4OAc test.

Heavy Metals (Aluminum, Cadmium, Cobalt,
Chromium, Copper, Iron, Manganese,
Nickel, Lead, and Zinc)

The average and range of Mehlich3-, ABDTPA-, DTPA-, and 0.1 M HCI-
extractable Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn for 30 acidic, and 20
alkaline soils investigated are presented in Table 6. In general, the amount
of metals removed from soils followed this order: Mehlich3 > ABDTPA >
DTPA =2 0.1 M HCIl. Amounts of Al, Fe, and Mn removed from soils
(average ranging between 4.14 and 1017 mg/Kg soil) were greater than the
other seven metals (Cd, Co, Cr, Cu, Ni, Pb, and Zn). Moderate amounts of
Cu, Pb, and Zn (average ranging between 0.11 and 8.94 mg/Kg soil) were
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determined while those of Cd, Co, Cr, and Ni were extremely low for most
soils. Regarding the effect of soil type on metals extraction, amounts of Al,
Fe, and Mn removed from acidic soils were generally greater than alkaline
soils. The trend was not clear for other metals.

In this study, 0.1 M HCl and DTPA tests were used to evaluate both
Mehlich3 and ABDTPA extraction methods for acidic, and alkaline soils,
respectively. The amounts of Cu, Fe, Mn, Pb, and Zn extracted by the
diluted acid test were somewhat close to those removed by DTPA test but it
removed more Al than by DTPA test. For all soils, however, the
concentration of Cd, Co, and Cr in the diluted acid extract was too low
and in most cases were below detection limit of the analytical procedure.
Thus, for acidic soils, the diluted acid test was used only to evaluate Al, Fe,
Mn, Cu, Ni, Pb, and Zn removed by Mehlich3 and ABDTPA methods.

For acidic soils, the relationship between Mehlich3 or ABDTPA
method and HCI test was investigated for Al, Fe, Mn, Cu, Ni, Pb, and Zn.
Highly significant correlations (r=0.707** to 0.994**) were obtained
between metals extracted with Mehlich3 method and those removed by the
diluted acid test (Table 7). On the other hand, ABDTPA method produced
highly significant correlations (r=0.519%* to 0.995**) with all metals
except Al, which showed no relation.

In multiple regression analysis, we included soil properties along with
the extraction method to improve the relationship particularly for those
metals with poor correlations (i.e, Al and Fe). The best two-variable regres-
sion models are given in Table 8. The data indicated good improvements
in few cases. For example, incorporation of OC with ABDTPA-AI increased
the ability to predict variations in the value of HCI-Al from 3.1 to 52.6%.
Moreover, including pH with Mehlich3-Fe and ABDTPA-Fe increased the
prediction from 50.4 to 57.9% and from 26.9 to 37.3%, respectively.

With respect to Cu, Mn, Pb, and Zn, the best two-variable models
which included OC or pH along with Mehlich3-extractable metal
(Mehlich3-metal) accounted for 81.9 to 99.0% of variations in the value
of 0.1 M HCl-extractable metal (HCl-metal). The corresponding prediction
levels for ABDTPA extraction method ranged between 80.4 and 99.3%.

Lindsay and Norvell® initially introduced the DTPA test to measure
the available amounts of Fe, Mn, Cu, and Zn for alkaline and calcareous
soils. During the last two decades, however, this test was used successful-
ly to measure heavy metals for both alkaline and acidic soils." Further,
as mentioned above, the diluted acid test failed to dissolve measurable
amounts of Cd, Co, Cr, and Ni for most soils investigated. Thus, we applied
the DTPA test to evaluate Mehlich3 and ABDTPA extraction methods for
acidic soils.

For both Mehlich3 and ABDTPA extraction methods, highly significant
correlations were obtained for Al, Cu, Fe, Mn, Ni, Pb, and Zn (r = 0.491%%*

ﬂ MARCEL DEKKER, INC.
e 270 Madison Avenue, New York, New York 10016



2831

Mehlich3 and ABDTPA Extraction

"PIAIOSAI SIYSLI [[V "OU] IOy [d1eIN £q €007 © SuAdo)

*KToan)oadsar ‘[oAa] JueoTUSIS 9] PUB 9G BIIPUI 4, PUL

#%6L6°0 #xSVL'0 #x£55°0 #xCL8°0 #x656°0 #x9C8°0 6200 cero *SVS0 #x196°0 vdrLagav
#%L56°0 %9090 #7290 %8650 #x088°0 #5VCL0 10— €€0°0 *9vS°0 #xV0L"0 EUSIYSIN
$7108 2ULIDYD (07 A0f S|PIaUL 2]qDIIVLIXI-V L

*%8L6°0 #%566°0 %x998°0 #0150 #%566°0 SLT'0 vdiragav
#%£56°0 #%8L6°0 #xL0L°0 #x01L°0 #5766°0 #x5€8°0 EUSIYSIN
$7108 21p1OV ()€ AOf S|PIAUL 2]qDIIDLIXI-]DE]

uz qd IN U EE | nH D 0D PO v POYIOIN

1102 AJtenuer /z Tg:€2

‘W o[an

N1 |no 116y

*S[I0S QuI[BY[E ()7 J0J S[eIoW J[qeIoenXe-Yd L (I pue ‘S[ios
JIpIOE ()¢ IO} S[elou 9[qeoenxa-[DH (1 :pue poylowl uonoenxd V4LAdV 10 CUSIYIN AQ POAOWIAI S[BIOW U9IMIdq SUONR[ALIO)  °/ 2]qD ]

| 7eN vasn ]

:Ag papeo |umog

®

MarceL DEkkER, INc.

270 Madison Avenue, New York, New York 10016



Elrashidi, Mays, and Lee

2832

*K[oAnoadsar oAQ] JUBOIIIUSIS 94 PUB 954G IBIIPUL 4y PUE 4

xx096°0 9900 Hd 901°0 uZ-vdLddav S19°0 —

#%576°0 6000 20 vZro UZ-€YdIUYsIN 8LE0 — UZ-1DH

#%£66°0 2000 — 20 €900 qd-vdLdgav 000

#xx5L6°0 €000 20 080°0 qd-€Ud1YsIN ¥80°0 — qd-1OH

#%¥08°0 66T Hd LOT0 UAN-VdLAddV L10°9C —

#%618°0 1€€°0 20 060°0 UN-EUSTTUPIN 691y — UAN-IDH

xxELE0 oy Hd 6v0°0 °d-vd1dgVv 160°0C —

#%6LS°0 gere Hd L80°0 °d-EYSIYSIN S0¥'9C — °d-1OH

#%066°0 1000 — 20 6600 nD-vdlLddgv LEOO

xx066°0 000 20 901°0 nD-eYSIYsN w00 no-[DH

%9060 L06'T 20 1L0°0 — IV-vdLdgVv 696'6C

#%88L°0 1660 20 180°0 [V-€USIUPIN 968 17¢ — IV-IDH
7 7 Ioyowered T QlqeLeA [ 1910wered I 9IqeLeA jdaorayug J[qeLeA

juopuado(q

so[qerieA juapuadopuy

“S[10S JIPIOE ()¢ 10F 189} [DH N 1°0 03

sanzadouid 108 pue poylowr uonoenx? VALAGV 10 CYIIUIIN AQ POAOWAI S[BJOW SUNB[AI S[OPOW UOISSAITAI J[qRLIBA-0M) 1S °§ ]G]

1102 AJtenuer /z Tg:€2

‘W o[an

N1 |no 116y

11eN vasn] :Ag papeo jumog

POAIISAI SWYSH [V O] “INP[( [99IRI Aq €007 @ WS1AdOD

MARCEL DEKKER, INC.
e 270 Madison Avenue, New York, New York 10016



23:31 27 January 2011

Downl oaded By: [USDA Nat| Agricultul Lib] At:

Mehlich3 and ABDTPA Extraction 2833

to 0.986**) while no relation was found for Cd, Co, and Cr. The extremely
small amounts of Cd, Co, and Cr detected for most soils investigated may
explain the absence of any significant correlation. The correlation data
between metals extracted by Mehlich3 or ABDTPA method and DTPA test
for acidic soils are not given in this report.

For acidic soils, incorporation of soil properties along with Mehlich3-
metal or ABDTPA-metal in a multiple regression model improved the
relationship with DTPA test. The best two-variable regression models are
given in Table 9. When OC or clay was incorporated along with Mehlich3-
metal, the two-variable models could account for 40.7 to 96.2% of
variations in the value of DTPA-metal. For ABDTPA extraction method,
the corresponding values ranged between 58.1 and 98.0%. These data
suggested that either Mehlich3 or ABDTPA extraction method could be
used for Al, Cu, Fe, Mn, Ni, Pb, and Zn extraction in acidic soils. With
respect to Cd, Co, and Cr, future study on soils having measurable amounts
of these metals might allow successful evaluation.

Other investigators reported improvements in predicting available
metals when soil properties were included with DTPA in multiple regression
models. Haq et al.,“gl in their study on Canadian soils, found that inclusion
of soil pH with DTPA in multiple regression models could account for
80—81% of variations in the value of plant available Zn, Cd, and Ni. Korcak
and Fanning'**! also reported successful use of DTPA and pH in predicting
plant available Cd, Cu, Ni, and Zn in Coastal Plain of the USA.

For the alkaline soils, the DTPA test was used to evaluate Mehlich3
and ABDTPA extraction methods. The data (Table 7) show highly
significant correlations (r=0.553** to 0.979%*) between amounts of Al,
Cu, Fe, Mn, Ni, Pb, and Zn extracted by Mehlich3 or ABDTPA method and
those removed by DTPA test. The relationship was significant at the 5%
level for extractable Cd. On the other hand, no relation was obtained for
both Co, and Cr due to the extremely small amounts of Co and Cr extracted
from the soils. Soltanpour''”! reported high degree of correlations between
ABDTPA-, and DTPA-extractable Cu, Mn, and Zn for alkaline soils
in Colorado.

In general, incorporation of soil properties along with Mehlich3- or
ABDTPA-metal improved the relationship with DTPA-metal. For 20
alkaline soils, the best two-variable regression models relating metals
extracted with Mehlich3 or ABDTPA method and soil properties to DTPA-
extractable metals are given in Table 9. When clay or pH was added to
Mehlich3-metal or ABDTPA-metal, the model could account for most of
variations in the value of the respective DTPA-metal.

Similar to the assessment made above for acidic soils, either Mehlich3
or ABDTPA extraction method appeared to be an appropriate measurement
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for Al, Cd, Cu, Fe, Mn, Ni, Pb, and Zn in the 20 alkaline soils investigated.
The fact that these soils have trace amounts of some metals (i.e., Co and
Cr) hindered their evaluation.

CONCLUSIONS

Work related to nutrient best management practices, precision farming,
and sustainable agriculture programs, along with the growing concern about
agricultural land as a non-point source of contamination have emphasized
the great need for a multi-element soil test. A multi-element extraction that
works as an agronomic and environmental soil test is also desirable for its
economical and scientific benefits. In the light of the data obtained, it was
concluded that Mehlich3 extraction can be recommended for simultaneous
measurement of available P, cations (Ca, Mg, K, and Na), and soluble
metals (Al, Cd, Cu, Fe, Mn, Ni, Pb, and Zn) for all soils. For alkaline and
calcareous soils, however, ABDTPA extraction can be used for measure-
ment of all these elements except for Ca. Further research on agricultural
soils having measurable contents of Co, Cr, As, and Se would be required
to investigate the possibility of adding more metals.
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